Hydroxychloroquine sulphate (HCQ) was first synthesized in 1946 by the addition of the hydroxy group to the parent compound, chloroquine (CQ), in an effort to reduce toxicity ([fig. 1a](#F1){ref-type="fig"}). Chloroquine was found to be 2-3 fold more toxic than HCQ in experimental animal studies\[[@ref1]\] ([fig. 1b](#F1){ref-type="fig"}). HCQ was one of a large series of 4-aminoquinolines with antimalarial activity. It has been used in malaria therapy since 1955 as an alternative to or in combination with CQ, which only differs slightly in structure from. Although HCQ was developed primarily as an antimalarial agent, it possesses several other pharmacological properties as well. Its antiinflammatory properties were well known and it has been useful in the treatment of rheumatoid arthritis and in systemic lupus erythematosus. Its applicability in the treatment of photo-allergic reactions was also established\[[@ref2]\]. Literature survey has revealed some methods for analysis of HCQ in biological and nonbiological fluid of different pharmaceutical formulations, such as HPLC with mass detector\[[@ref3]\], HPLC with UV variable wavelength detector\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\], HPLC with fluorescence detector\[[@ref12][@ref13]\] and electrochemical\[[@ref14]\] detection. Here proposed method was fulfilled the requirements of HCQ estimation in biological samples by utilizing manual injector with nonvariable wavelength detector type (VWD). So present method is better in terms of internal standard usage, peak elution and retention time.

![Structures of analytes.\
(a) Hydroxychloroquine sulphate (C~18~H~26~ClN~3~O.H~2~SO~4~), (b) chloroquine (C~18~H~26~ClN~3~).](IJPhS-77-586-g001){#F1}

MATERIALS AND METHODS {#sec1-1}
=====================

HCQ was obtained from K.P.S. Clinical Services, Greater Noida, India as a kind gift sample; HPLC water, methanol and acetonitrile were purchased from Fisher Scientific (Qualigens) and RFCL, New Delhi, India. Sodium 1-pentanesulfonate of HPLC grade was purchased from Glaxo, India Pvt. Ltd. Mumbai, India. The other chemicals were used of analytical grade. The filters with pore size of 0.22 µm were purchased from Pall Life Sciences, Mumbai, India that was used for filtration of mobile phase and sample solutions.

Optimization of procedure: {#sec2-1}
--------------------------

Under the different experimental condition the method was optimized for their different mobile phase solvent ratio, column temperature, flow rate and pH of inorganic mobile phase. Reverse phase HPLC determinations were performed with Agilent technologies (Model-1120, Compact, G4288A-gradient) having gradient low pressure binary pump, consisting of vacuum in built degasser unit, with VWD, equipped with a manual injector system of 50 µl loop. Detection accomplished with a UV detector at 343 nm. Integration and system parameters were controlled by "Ezchrom Elite" compact, software 3.0.1 system. Chromatographic analysis was carried out at 30° on a C-18 column Inertsil^®^ ODS-3 (250×6 mm, 5 µm, GL Sciences Inc. USA) column. The separation was achieved by isocratic elution with a flow rate 2.0 ml/min. The mobile phase was made by inorganic water, and organic (acetonitrile:methanol: 50:50, v/v) with ratio of 75:25, v/v with sodium 1-pentanesulfonate (96 mg/1000 ml of mobile phase). The pH 3.0 of inorganic phase was adjusted with dilute orthophosphoric acid and sodium hydroxide solution.

Preparation of standard: {#sec2-2}
------------------------

The drug HCQ and internal standard CQ stock solutions of 100 µg/ml were prepared by dissolving 10 mg of each in 100 ml of volumetric flasks separately with distilled water. This was further diluted by pH 1.5 of HCl acid. These stock solutions were stored in the refrigerator for further use. The working solution of HCQ was prepared from stock solution by serial dilutions, as 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0 and 20.0 μg/ml, then internal solution was further added 1 ml to each serial dilutions of HCQ. Calibration standards were prepared by adding 400 μl plasma, 0.1 ml CQ equivalent to 100 μg/ml and standard dilutions equivalent to 0.1-20.0 μg/ml, respectively.

Preparation and extraction of plasma sample: {#sec2-3}
--------------------------------------------

Blood samples were collected from each group of animal and treated for protein free plasma. This blood sample was collected in EDTA tube that was centrifuged to 3000 rpm at 4° for 10 min. Supernatant plasma was collected and stored at --20° for further study. In the way of plasma treatment to before insert in to HPLC, 400 µl plasma was mixed with 100 µl of CQ solution as internal standard solution. This mixture was again added with 100 µl, 1 M ammonium solution, and 5 ml diethyl ether. Resulted mixture was vortexed for 5 min. After vortexing it was centrifuged at 3000 rpm for 10 min. The supernatant phase of was collected and evaporated at 50° in orbital shaker water bath. Dried residue was dissolved with 5 ml of mobile phase.

The *in vivo* study on animal was based on "Breeding of and Experiments on Animals (Control and Supervision) Rules 1998" as amended by Government of India, Ministry of Environment and Forests (CPCSEA), with permission number 1149/PO/ac/07/CPCSEA by local ethical committee.

Linearity and range: {#sec2-4}
--------------------

The method was validated as per the ICH guidelines\[[@ref15]\]. Linearity was determined by constructing the calibration curve. For the construction of curve, eight standard dilutions of HCQ in range of 0.1-20.0 µg/ml (0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0 and 20.0 µg/ml) were prepared in diluted hydrochloric acid (pH-1.5). Before the injection of the sample, the column was equilibrated for 20 min with mobile phase. The ratio of peak area of drug and internal standard against the respective standard concentrations was used for plotting of graph and the linearity was evaluated by least squares regression analysis.

Precision: {#sec2-5}
----------

The precision of the method was determined by repeatability and recovery at 80, 100 and 120%, respectively. The repeatability was examined by injecting six samples of the same concentration on the same day. Under same experimental conditions recovery was studied for the samples 4 µg/ml (80%), 5 µg/ml (100%) and 6 µg/ml (120%).

Accuracy (by standard addition method) and stability study: {#sec2-6}
-----------------------------------------------------------

To study reliability and suitability of developed method, accuracy was determined. The accuracy of the method was evaluated by percentage recovery of added standard drug solutions 2, 3 and 4 µg/ml to fixed (5 µg/ml) concentration of sample to get finally 7, 8 and 9 µg/ml. All solutions were prepared in triplicate (*n*=3) and analyzed for percentage recoveries. The above drug concentrations were also analyzed for stability study of the method as intraday and interday accuracy.

Specificity (selectivity): {#sec2-7}
--------------------------

Blank plasma samples obtained from collected plasma, which were collected under controlled conditions were subjected to the preparation procedure described above and evaluated to determine the extent to which endogenous plasma components may interfere with the chromatograph determinates of HCQ and CQ levels.

Sensitivity: {#sec2-8}
------------

The lower limit of detection (LOD) and lower limit of quantification (LOQ) was based on standard deviation of response and the slope of the calibration curve. The estimation of standard deviation of the response was by calculating the standard deviation of y-intercept of regression line and the slope was estimated from the calibration curve.

Robustness: {#sec2-9}
-----------

The robustness of an analytical procedure refers to its ability to remain unaffected by small and deliberate variations in method parameters and provides an indication of its reliability for the routine analysis. The robustness was determined by analyzing the same samples under a variety of conditions of the method parameters, such as flow rate, mobile phase ratio, column temperature and pH of mobile phase.

Pharmacokinetic analysis: {#sec2-10}
-------------------------

The following pharmacokinetical values were determined on basis of one week (w) study i.e. for the period of one week, maximum plasma drug concentration (C~max~, μg/l), time to reach maximum plasma drug concentration (T~max~, h), half life of the drug (T~1/2~, h), area under the curve from time 0 to t (AUC~0-t~, μg-h/l), area under the curve from time 0 to ∞ (AUC~0-∞~, μg-h/l), volume of distribution (V~d~, L), total body clearance (CL~T~, l/h) and elimination rate constant (K, h^−1^).

RESULTS AND DISCUSSION {#se1-3}
======================

Under the different analytical condition described earlier it was found 75:25 (v/v) ratio of inorganic and organic solvent (pH-3.0) with 30° at 2.0 ml/min flow rate gives, well separated and good shape peak of HCQ and CQ ([fig. 2](#F2){ref-type="fig"}). The representative chromatograms of drug, internal standard and spiked plasma, showed no interference between them. The retention time of HCQ and CQ were 5.87 and 6.82 min, respectively i.e. total running time was less than 7 min.

![Chromatograms of analytes.\
Chromatogram of hydroxychloroquine sulphate and chloroquine.](IJPhS-77-586-g002){#F2}

The linearity ratio of peak areas verses different concentration was evaluated for HCQ and CQ. The regression data was presented in [Table 1](#T1){ref-type="table"}. The regression line was linear within 0.1-20.0 μg/ml of range that showed good regression coefficient (r^2^) value, with regression intercept not significant different from 0.1. Regression coefficient was demonstrated for the evaluation of goodness fit. The found regression coefficient was 0.9991 which was good ([fig. 3](#F3){ref-type="fig"}). In addition to the range of known concentration recovery, it was found more than 95% (4, 5, and 6 μg/ml, [Table 2](#T2){ref-type="table"}).

###### 

CHARACTERIZATION OF LINEAR REGRESSION ANALYSIS

![](IJPhS-77-586-g003)

![Calibration curve of hydroxychloroquine sulphate.\
Calibration curve of hydroxychloroquine sulphate, by peak area ratio of drug and internal standard.](IJPhS-77-586-g004){#F3}

###### 

PRECISION DETERMINATION OF THE DRUG

![](IJPhS-77-586-g005)

The precision of the analytical method was evaluated in terms of repeatability. Repeatability (intra-day precision) was assessed by injecting the six replicate injections at 100% test concentration (5 µg/ml of HCQ). The %RSD values of the results corresponding to the peak areas were found to be 0.97 ([Table 3](#T3){ref-type="table"}), revealed high system precision. The mean percentage recovery of standard drug at 80, 100 and 120% of specific concentration were found to be satisfactorily high ([Table 2](#T2){ref-type="table"}).

###### 

SYSTEM SUITABILITY PARAMETERS

![](IJPhS-77-586-g006)

The accuracy of the proposed method by standard addition method was determined as mean recovered concentration. For this %RSD was found to be less than one in intraday recovery ([Table 4](#T4){ref-type="table"}), which reveals high accuracy of the method. High recovery percentage (\<99%) was also found in interday recovery study indicates the stability of the method ([Table 4](#T4){ref-type="table"}).

###### 

ACCURACY (INTRADAY) AND STABILITY STUDY AT INTERDAY

![](IJPhS-77-586-g007)

The specificity of the proposed method was illustrated, where complete separation of HCQ peak along with CQ were stated in figs. [2](#F2){ref-type="fig"} and [4](#F4){ref-type="fig"}, where no endogenous substances were found interfered with peak. The average retention time for HCQ and CQ were found to be 5.87 and 6.82 min, respectively with sharp and good shape.

![Chromatogram of blank plasma.](IJPhS-77-586-g008){#F4}

The LOD was found to be 0.24 μg/ml where lower limit of quantification (LOQ) was found to be 0.84 μg/ml with injection volume 50 μl. The lower values of LOD and LOQ with high precision prove good sensitivity.

During variance in some parameters of method it was found that there was no statistically significant difference in results ([Table 5](#T5){ref-type="table"}). The results obtained were within the acceptable limit and it was observed there was no marked changed in retention time. The change in USP theoretical plates of the chromatograms was found less than 2% of RSD proves robustness of method.

###### 

CHROMATOGRAPHIC CONDITIONS AND RANGE INVESTIGATED DURING ROBUSTNESS TESTING

![](IJPhS-77-586-g009)

After single intravenous bolus administration of drug the mean values of different pharmacokinetical parameters were calculated ([Table 6](#T6){ref-type="table"}). The calculated AUC was more as compared to given i.v. dose, so this difference proves the nonlinear pharmacokinetic.

###### 

PHARMACOKINETICAL PARAMETERS AFTER I.V. BOLUS DRUG ADMINISTRATION

![](IJPhS-77-586-g010)

To conclude the current validated HPLC RP-HPLC method for HCQ offers good accuracy and significant advantages in terms of sensitivity, selectivity and sample preparation, though it can be used for the estimation of HCQ in the bio-fluids. The developed separation method produces acceptable values of recovery. The chromatogram developed has well resolved peak of HCQ without any interference. From the results we conclude that the developed method can be applied in pharmacokinetic, bioequivalence and toxicokinetics studies with desired precision and accuracy along with high throughout puts.
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